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SPECIFICATION 

Calculation method for physical body deformation under load 

propagation 

FIELD OF THE ART 

The present invention relates to a calculation 
method for physical body deformation under load propagation 
for displaying a displacement of a total of a physical body 
by displaying movements of respective agents constituted by 
partitioning inside of the physical body into virtual 
predetermined shapes. 
BACKGROUND OF THE ART 

In recent years, in the field of so- to- speak 
entertainment such as movie or commercial, CG ( Computer 
Graphics ) animation has frequently been used. 

However, in order to reproduce deformation or 
motion of a physical body by CG, the main current is to 
make the deformation or motion by trial and error such that 
the deformation or motion looks just as it is or recovery 
from dynamic picture by a motion capture system 
constituting a big facility and alleviation of artificial 
load has yet to reach. 

In order to know such a displacement of a structure 
( object ) by external force, conventionally, there has 
been reduced into practice a Finite Element Method ( FEM ) 
for numerically solving differential equations for 
structural analysis ( which is not limited to a structure 
but nonstructural analysis of heat or fluid is included ) 
of the object, along with emergence of high-speed large- 
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sized computers, for example, a general purpose program 
such, as NASTRAN has been developed. 

According to the Finite Element Method, simply 
stating, in order to obtain a solving method, there are 
needed procedures of © making a model of a physical body 
constituting an object physical body such that the object 
physical body can be solved by FEM, CD decomposing the 
object physical body into elements ( in two-dimensional 
case, triangle or the like, in three-dimensional case, 
hexahedron or the like ), <D forming an element stiffness 
matrix, <D forming a total stiffness matrix, (D forming a 
stiffness equation and (D solving the stiffness equation, 
for example, in the case of using triangular elements in a 
two-dimensional problem, nodes are set arbitrary positions 
of an object physical body having a predetermined shape, 
the object physical body is divided into elements by 
constituting the nodes as apexes of triangles ( elements : 
finite number ) , simultaneous linear equations are formed 
with displacements of the respective nodes as unknown 
numbers and a state of the object physical body is provided 
as a solution from boundary conditions. 

Hence, it is conceivable to integrate FEM { Finite 
Element Method ) which is a method of accurately analyzing 
behavior of a physical body and a CG animation system to 
enable to know a displacement of a structure ( object ) by 
external force, however, the integration is not regarded as 
practical in consideration of a calculation time period, 
further, there poses a new problem that a CG creator must 



obtain specialized knowledge of FEM to some degree. 

According to stereoscopic picture display by the 
above-described computer graphics animation, one sheet of 
picture is represented by several tens thousands through 
several million of polygons, for example, in order to 
display an object physical body, it is necessary to 
calculate a plurality of polygons by operation to form the 
object physical body, operation of enormous matrices ( 
several tens thousands through several million for one 
picture ) is carried out at each time, further, 
environmental setting of color, light source or the like 
with regard to the picture is assumed by person and 
thereafter calculated by a computer or the like, further, 
the calculation must be carried out for a plurality of 
pictures and with gigantic formation of program, processing 
load of computer is increased. 

Further, in order to represent behavior of change 
in the shape of a physical body by computer graphics 
animation in a physically satisfying form, the change can 
be provided by using the Finite Element Method, however, 
when gigantic FEM program is integrated to CG animation 
program which is inherently gigantic, the program becomes 
further gigantic and there poses a problem that it is 
necessary to take into account shortening of an operation 
time period of a computer executing the program and a 
computer graphic designer must learn and utilize the Finite 
Element Method which requires specialized knowledge. 

Further, according to current CG animation. 
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although motion of a physical body is smooth, deformation 
of the physical body per se is not taken into consideration 
and therefore, for example, although a motion per se of a 
person is smooth, the shape of muscle remains as it is and 
also in a case moving a vehicle, although the vehicle per 
se is moved upwardly and downwardly or leftwardly and 
rightwardly, when the vehicle makes a turn at a curve, 
force exerted on a tire is not taken into consideration and 
therefore, in view of picture as a whole, there is 
unnaturalness in expression. 

The present invention has been carried out in view 
of the above- described conventional situation and it is an 
object thereof to provide a method of displaying a load 
propagation displacement of a physical body capable of 
displaying a state of an object physical body in a 
simplified manner in which based on load exerted on a 
physical body, virtual agents are formed in a matrix shape, 
individual agents are deformed and load is transmitted to 
other face other than a load face under a predetermined 
condition. 

DISCLOSURE OF THE INVENTION 

In order to achieve the above-described object, the 
present invention according to Claim 1 of the present 
application is a method of displaying a load propagation 
displacement of a physical body on a rigid physical body 
which undergoes displacement constraint from a surrounding 
in a boundary which does not undergo the displacement 
constraint from a surrounding, the method comprising a 
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first material agent having a shape of a hexahedron or a 
plane virtually formed in the physical body at a position 
of a load exerted to an arbitrary position of the physical 
body, a second material agent having the same shape 
virtually formed at a contiguous face other than a face of 
the first material agent exerted with the load, a third, a 
fourth, ... an n-th material agent virtually formed 
similarly and successively up to a boundary between the 
physical body and the boundary which does not undergo the 
displacement constraint in the physical body and /or the 
rigid physical body which undergoes the displacement 
constraint and boundary agents having predetermined shapes 
virtually formed at a contact face between the physical 
body and the boundary which does not undergo the 
displacement constraint and /or the rigid physical body 
which undergoes the displacement constraint, wherein in the 
material agents, with regard to a direction of the load, a 
predetermined load in accordance with a material property 
thereof is transmitted to an upper face and a lower face of 
the physical body in the load direction, a predetermined 
load in accordance with a strain characteristic of the 
physical body is transmitted to a face orthogonal to the 
load direction and a load which undergoes the predetermined 
displacement constraint is transmitted to an upper face in 
the load direction of other material agent contiguous to 
the material agent, with regard to the load, in the 
boundary agent formed in the boundary which does not 
undergo the displacement constraint, a load having a value 



the same as a value of the load from the contiguous 
material agent in the load direction is transmitted, and in 
the boundary agent formed in the rigid physical body which 
undergoes the displacement constraint, with regard to the 
load from the contiguous material agent, a load having a 
value the same as a value of the load is transmitted in a 
direction reverse to a direction of the load to thereby 
display the load propagation displacement of the physical 
body. 

Further, the present invention according to Claim 2 
of the present invention relates to the display method 
according to Claim 1 and is characterized in that the first 
through the n-th material agents are formed in a load 
propagation direction when the transmitted load is larger 
than a predetermined threshold value. 

Further, the present invention according to Claim 3 
of the present application is a computer readable record 
medium recorded with a program for displaying a load 
propagation displacement of a physical body by a method of 
displaying a load propagation displacement of a physical 
body on a rigid physical body which undergoes displacement 
constraint from a surrounding in a boundary which does not 
undergo the displacement constraint from a surrounding by a 
computer screen, the method comprising a first material 
agent having a shape of a hexahedron or a plane virtually 
formed in the physical body at a position of a load exerted 
to an arbitrary position of the physical body, a second 
material agent having the same shape virtually formed at a 
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contiguous face other than a face of the first material 
agent exerted with the load, a third, a fourth, ... an n-th 
material agent virtually formed similarly and successively 
up to a boundary between the physical body and the boundary 
which does not undergo the displacement constraint in the 
physical body and /or the rigid physical body which 
undergoes the displacement constraint and boundary agents 
having predetermined shapes virtually formed at a contact 
face between the physical body and the boundary which does 
not undergo the displacement constraint and /or the rigid 
physical body which undergoes the displacement constraint, 
wherein in the material agents, with regard to a direction 
of the load, a predetermined load in accordance with a 
material property thereof is transmitted to an upper face 
and a lower face of the physical body in the load 
direction, a predetermined load in accordance with a strain 
characteristic of the physical body is transmitted to a 
face orthogonal to the load direction and a load which 
undergoes the predetermined displacement constraint is 
transmitted to an upper face in the load direction of other 
material agent contiguous to the material agent, with 
regard to the load, in the boundary agent formed in the 
boundary which does not undergo the displacement 
constraint, a load having a value the same as a value of 
the load from the contiguous material agent in the load 
direction is transmitted, and in the boundary agent formed 
in the rigid physical body which undergoes the displacement 
constraint, with regard to the load from the contiguous 
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material agent, a load having a value the same as a value 
of the load is transmitted in a direction reverse to a 
direction of the load to thereby display the load 
propagation displacement of the physical body. 

Further, the present invention according to Claim 4 
of the present application relates to the computer readable 
record medium recorded with the program described in Claim 
3 and is characterized in that the first through the n-th 
material agents are formed in a load propagation direction 
when the transmitted load is larger than a predetermined 
threshold value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.l is a constitution view showing agent 
formation of an object physical body for displaying load 
propagation displacement of the physical body according to 
an embodiment of the present invention. 

Fig. 2 is a conceptual view of operation in a case 
of exerting predetermined input load to a material agent of 
a physical body for displaying load propagation 
displacement of the physical body according to an 
embodiment of the present invention. 

Fig. 3 is a conceptual view of operation in the case 
of exerting predetermined input load to a two-dimensional 
material agent for displaying load propagation displacement 
of a physical body according to an embodiment of the 
present invention. 

Fig. 4 is a conceptual view of operation by load 
transmitted in a direction orthogonal to a direction of 
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Input load in the case of exerting predetermined input load 
to a two-dimensional material agent for displaying load 
propagation displacement of a physical body according to an 
embodiment of the present invention. 

Fig .5 is a conceptual view of operation by load 
transmitted to a boundary agent which does not undergo 
displacement constraint in a direction of input load of a 
material agent orthogonally thereto in the case of exerting 
predetermined input load to a two-dimensional material 
agent for displaying load propagation displacement of a 
physical body according to an embodiment of the present 
invention - 

Fig. 6 is a conceptual view of operation with regard 
to input load in arranging a boundary agent which undergoes 
displacement constraint by a bottom portion of a material 
agent and returns the input load as it is in the case of 
exerting predetermined input load to a two-dimensional 
material agent for displaying load propagation displacement 
of a physical body according to an embodiment of the 
present invention. 

Fig. 7 is an explanatory view of an object physical 
body and a behavior of subjecting the object physical body 
to agent formation to display by utilizing a computer for 
displaying movement of a physical body according to an 
embodiment of the present invention. 

Fig. 8 is a graph of stress comparison respectively 
comparing x- direction and y-direction stresses between 
agents and FEM according to an embodiment of the present 
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invention . 

Fig. 9 is an explanatory view for displaying a 
result of deforming an object physical body by a method of 
displaying load propagation displacement of a physical body 
according to an embodiment of the present invention. 

Fig. 10 is a graph representing ratios of stress 
values in x- direction and y-direction by a method of 
displaying load propagation displacement of a physical body 
( plane ) ( the agents ) according to an embodiment of the 
present invention, to stress values in x-direction and y- 
direction according to conventional FEM analysis. 

Fig. 11 is a graph comparing displacements of a 
method of displaying load propagation displacement of a 
physical body ( plane ) ( the agents ) according to an 
embodiment of the present invention and conventional FEM 
analysis . 

BEST MODE FOR CARRYING OUT THE INVENTION 

A detailed explanation will be given as follows in 
reference to the drawings of an embodiment of a method of 
displaying load propagation displacement of a physical body 
according to the present invention, particularly of a state 
in which when load is exerted to an arbitrary position of 
an object physical body, by using a concept of a material 
agent in the physical body formed from the arbitrary 
position to a boundary of the physical body and a boundary 
agent formed at a boundary of the physical body, 
displacement of the physical body is displayed from agents 
forming procedure and a load propagation procedure. 
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Flg.l is an outline constitution view showing that 
in a physical body 1 according to the embodiment, when load 
is exerted to an arbitrary position thereof, a first agent 
is virtually formed at the position, the load is 
transmitted in the physical body 1 and is transmitted to 
boundaries of the physical body 1, several agents are 
formed and at the boundaries of the physical body 1 , new 
agents 3a and 3b are formed and Fig. 2 is a view of load 
propagation operation showing in further details how the 
load is transmitted among the respective agents . 

In Fig.l, notation 1 designates the physical body 
constituting an object physical body, notation 2 designates 
a first material agent formed at, for example, an arbitrary 
load position of an elastic physical body, notation 3a 
designates an agent formed at a boundary of the physical 
body 1, which is a boundary agent formed at a boundary 
which dose not undergo displacement constraint from the 
surrounding and notation 3b designates an agent formed at a 
boundary of the physical body 1, which is a boundary agent 
formed in the rigid physical body which undergoes 
displacement constraint from the surrounding. Further, 
notation 4 designates a boundary at which the object 
physical body 1 according to the embodiment is arranged and 
which does not undergo displacement constraint from the 
surrounding, for example, air and notation 5 designates a 
boundary at which the object physical body 1 according to 
the embodiment undergoes displacement constraint from the 
surrounding, for example, a rigid physical body. 
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That is, there is shown how the load exerted to the 
physical body 1 is transmitted in the physical body 1 and 
how the load finally displaces ( deforms ) the physical 
body 1 and according to the embodiment, when the load is 
exerted to the arbitrary portion of the object 1, a 
respective agent is formed at the position, the first 
material agent 2 partitioned in a predetermined virtual 
three-dimensional physical body is formed, thereafter, up 
to an n-th agent 2 in an n-th order is formed at a boundary 
of the physical body 1. Further, an explanation will be 
given by assuming the boundary agent 3a formed at a 
boundary in boundaries which do not undergo displacement 
constraint from the surrounding and the boundary agent 3b 
formed at a boundary in boundaries which undergo 
displacement constraint from the surrounding in the state 
of arranging the physical body 1. 
[Premise of forming agent] 

Further, with regard to formation and load 
transmission of respective agents in the following, a 
description will given here of basically a two-dimensional 
structure of a square firstly for convenience to facilitate 
understanding and a description will be given later of a 
three-dimensional structure constituted by a cube. That 
is, as an assumption of arrangement, according to the 
embodiment, a two-dimensional object physical body arranged 
in predetermined boundaries is assumed and expression of 
displacement of respective portions of the two-dimensional 
object physical body will be tried in reference to Fig. 3 



through Fig. 6 when load ±s applied at a certain position in 
the two-dimensional object physical body. 
[ Operation of material agent (part 1) ] 

The material agent 2 is an assumed object having a 
virtual shape which is assumed to display displacement in 
correspondence with external force exerted to the object 
physical body by virtually partitioning inside of the two- 
dimensional object physical body by a predetermined shape ( 
for example, 'square 1 ) and one material agent 2 ( for 
example, first material agent 2a ) is formed at an 
arbitrary position of the two-dimensional object physical 
body. 

When the first material agent 2a is formed, a 
second material agent 2b having a shape the same as that of 
the material agent 2a is formed at a position at which an 
upper side of the second material agent 2b is brought into 
contact with a bottom side ( BOTTOM edge ) 2a 2 of the 
material agent 2a in a direction the same as that of a 
direction of exerting input load P 0 . 

Further, when the first material agent 2a is 
formed, at one side ( LEFT edge ) 2a 3 of the first material 
agent 2a, there is formed a second material agent 2c having 
a shape the same as that of the first material agent 2a and 
at other side ( RIGHT edge ) 2a 4 of the material agent 2a, 
a similar second material agent 2d is formed. 

Fig. 3 is a conceptual view of load transmission in 
a vertical direction when predetermined input load is 
exerted to the material agent 2a and all of following 
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material agents formed at the respective portions are 
assumed to carry out following propagation operation. 

According to the embodiment, the material agent 2a 
is constituted by a square and is constituted by a top side 
( TOP edge ) 2a 1 exerted with the input load P 0 , a bottom 
side ( BOTTOM edge ) 2a 2 to which load is transmitted in a 
direction the same as a direction of exerting the input 
load P 0 , the one side ( LEFT edge ) 2a 3 and the other side 
( RIGHT edge ) 2a 4 . 

When the input load P 0 is exerted from an upper 
direction to the material agent 2, the first material agent 
2a is formed, the load is transmitted directly below the 
first material agent 2a and the second material agent 2b is 
formed in the direction of propagation the load. 

For example, when a force received by the top side 
( TOP edge ) of the first material agent 2a is designated 
by load P x , the load P x becomes load P 1 of the input load P 0 
multiplied by a predetermined transmission coefficient ce 1 

(P 1= CKjPp) and when a force received by a top side ( TOP 
edge) of the second material agent 2b is designated by load 
P 2 , the load P 2 becomes load P 2 of the load P.,^ multiplied by 
a predetermined transmission coefficient a 2 ( P 2 = a 2 P 0 ). 

Further, when the input load P 0 is exerted from the 
upper direction to the material agent 2, there is formed a 
second material agent 2c other side ( RIGHT edge ) 2c 4 of 
which is brought into contact with the one side ( LEFT edge 
) 2a 3 of the first material agent 2a ( in Fig. 3, left side 
of the material agent 2a ) , a friction force is produced 
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between the one side ( LEFT edge ) 2a 3 of the material 
agent 2a and the other side ( RIGHT edge ) 2c 4 of the 
material agent 2c and load having a direction the same as a 
direction of propagation the load P 0 is exerted to a top 
side ( TOP edge ) 2c 1 of the material agent 2c. 

In this case, a force received by the top side ( 
TOP edge ) 2c x of the material agent 2c becomes load P 3 of 
the load P 0 multiplied by a predetermined transmission 
coefficient a 3 ( P 3 = a 3 P 0 ) , similarly, there is formed a 
second material agent 2d one side ( LEFT edge ) of which is 
brought into contact with the other side ( RIGHT edge ) 2a 4 
of the first material agent 2a ( right side of the material 
agent 2a in Fig. 3 ) and a force received by a top side ( 
TOP edge ) 2d 1 of the second material agent 2d also becomes 
load P 3 of the load P 0 multiplied by the predetermined 
transmission coefficient Oi 3 ( P 3 = « 3 P 0 ) • 

That is, when the top portion of the object 
physical body receives the input load P 0 , the object 
physical body transmits the load P x multiplied by the 
predetermined transmission coefficient a l in the direction 
the same as that of input load P 0 to thereby form the first 
material agent 2a in the propagation direction. Then, the 
load P 2 multiplied by the predetermined transmission 
coefficient a 2 is transmitted to directly below the first 
material agent 2a and the second material agent 2b is 
formed in the propagation direction. Further, when the top 
portion of the second material agent 2b receives the load 
P x , the second material agent 2b transmits load multiplied 
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by a predetermined transmission coefficient to directly 
below the second material agent 2b and a successive third 
material agent ( not illustrated in Fig. 3 ) is formed and 
receives and successively transmits load multiplied by a 
predetermined transmission coefficient. 

Further, the input load P 0 received by the top 
portion of the first material agent 2a formes the second 
material agent 2c and the second material agent 2d 
contiguous to the first material agent 2a constituting the 
load propagation direction and by the friction force 
produced between the second material agent 2c and the 
second material agent 2d, and the first material agent 2a, 
the top sides of the second material agent 2c and second 
material agent 2d are applied with the load P 3 of the input 
load P 0 multiplied by the predetermined transmission 
coefficient a 3 . 

Further, the second agents 2c and 2d transmit load 
of the load P 3 multiplied by the predetermined transmission 
coefficient a x with the load P 3 as input load and 
successive material agents formed directly below the second 
agents 2c and 2d, are successively transmitted with load of 
the load P 3 multiplied by the predetermined transmission 
coefficient a 2 . 

In this way, with regard to the input load P 0 , there 
are repeated transmission of load and formation of material 
agents in areas in the direction of forming load to be 
transmitted ( direction the same as that of the input load 
P 0 ) until load transmitted in the direction the same as 
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that of the input load P 0 is equal to or smaller than a 
value which is regarded as effective for being transmitted 
successively, that is, a predetermined threshold valuer . 
[ Operation of material agent ( part 2 ) ] 

Next, Fig. 4 is a conceptual view of operation by 
load transmitted in a direction orthogonal to the input 
direction of the input load P 0 when the predetermined input 
load P 0 is exerted to the material agent 2 and similar to 
the above -described material agent 2, the first material 
agent 2a is formed at an arbitrary position of the two- 
dimensional object physical body. 

After forming the first material agent 2a, the 
first material agent 2a transmits load in a direction 
orthogonal to the direction of exerting force component P x 
of the input load P 0 ( P x = a t P 0 , a 1 : transmission 
coefficient ) . This is because when the first material 
agent 2a is pressed to crush by a load exerted to the first 
material agent 2a, there is exerted load of spreading the 
first material agent 2a in the direction orthogonal to the 
direction of exerting the force component P x of the input 
load P 0 . 

Similar to the above -described, the first material 
agent 2a is constituted by a square and is constituted by 
the top side ( TOP edge ) 2a L exerted with the input load 
P 0 , the bottom side ( BOTTOM edge ) 2a 2 propagation load in 
the direction the same as the direction of exerting the 
force component P x of the input load P 0 , the one side ( 
LEFT edge ) 2a 3 propagation load in the direction 
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orthogonal to the direction of exerting the force component 
Pj_ of the input load P 0 and the other side ( RIGHT edge ) 
2a propagation load in the direction orthogonal to the 
direction of exerting the force component P x of the input 
load P 0 , when load is transmitted to the one side ( LEFT 
edge ) 2a 3 of the first material agent 2a, there is formed 
the second material agent 2c having the shape the same as 
that of the first material agent 2a and when load is 
transmitted to the other side ( RIGHT edge ) 2a 4 of the 
first material agent, similarly, the second material agent 
2d is formed. 

In reference to Fig. 4, in the first material agent 
2a , when the input load P 0 is received, a face opposed to 
the load face ( 2a 2 face in Fig. 4 ) is temporarily 
constrained by the force component P x , strain ( £ ) is 
produced by Hook's law ( strain of elastic physical body is 
proportional to stress ) , the first material agent 2a is 
contracted in the direction the same as the direction of 
exerting the force component P.,^ of the input load P 0 and is 
spread based on Pois sons' ratio ( V ) in the direction 
orthogonal to the direction of exerting the force component 
P x of the input load P 0 . 

That is, according to the first material agent 2a, 
when the load in the direction orthogonal to that of the 
force component P x of the input load P 0 is transmitted to 
the one side ( LEFT edge ) , the second material agent 2c is 
formed in contact with the one side ( LEFT edge ) 2a 3 of 
the first material agent 2a and the second material agent 
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2d is formed in contact with the other side ( RIGHT edge ) 
2a 4 . 

By forming the second material agent 2c and the 
second material agent 2d, the material agent 2a which 
receives the input load P 0 is spread to the one side ( LEFT 
edge ) 2a 3 and the other side ( RIGHT edge ) 2a 4 by an 
amount of strain (£ x =-j6'U'£ y (j3: transmission 
coefficient ) ) . 

Then, the side of the other side ( RIGHT edge ) of 
the second material agent 2c receives load P 4 ( P 4 = ( 1 - 
/?}• v • £ y ■ A 3 • E ( A 3 : sectional area of 2a 3 face, E : 
Young's modulus of material ) ) and the side of the one 
side ( LEFT edge ) of the second material agent 2d receives 
load P 4 (P 4 =(l-/3)"i/-£ y ■ A 4 • E ) having an amount 
same as that of the load P 4 which the second material agent 
2c receives in a direction reverse thereto. 

Further, with regard to the input load P 0 , there are 
repeated transmission of load until load transmitted 
orthogonally to the input load P 0 becomes equal to or 
smaller than the predetermined threshold value 7 and 
formation and load transmission of material agents in areas 
in the direction of forming the load ( the vertical 
direction ) . 

[ Operation of boundary agent which does not undergo 
displacement constraint ] 

Fig . 5 schematically shows , in the case in which 
predetermined input load is exerted to the material agent 
2, for example, when the physical body 1 is disposed in a 
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boundary which does not undergo displacement constraint 
from the surrounding, what influence is effected from the 
boundary to the physical body 1 and is a conceptual view of 
operation in which when the side 2a 4 of the second material 
agent 2 formed at a boundary of the physical body 1 is 
brought into contact with, for example, air 4, with regard 
to the input load by the side ( RIGHT edge ) , there is 
shown what load is transmitted in the boundary agent 3a, to 
thereby show an amount and a direction of the load. 

In Fig. 5, when load in a direction orthogonal to 
the side ( RIGHT edge ) 2a 4 of the material agent 2 is 
applied, the boundary agent 3a is formed in contact with 
the side ( RIGHT edge ) 2a 4 of the material agent 2 and 
load P 5 exerted from the side ( RIGHT edge ) 2a 4 of the 
material agent 2 is returned to the material agent 2a by 
the boundary agent 3a as load P 5 ' having the same magnitude 
and same direction. 

In this case, when the load transmitted to the 
material agent 2a 4 is equal to or smaller than the 
threshold value 

, the boundary agent 3a is not formed and the load is not 
transmitted. 

[ Operation of boundary agent which undergoes displacement 
constraint ] 

Fig. 6 is a conceptual view of operation in which in 
the case of exerting predetermined input load to the 
material agent 2, for example, when the material agent 2a 
is brought into contact with the rigid physical body 5, in 
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the boundary agent 3b formed there, there is shown what 
load is transmitted in correspondence with the input load, 
to thereby show an amount and a direction of the load. 

In Fig. 6, when load P 6 having the direction the same 
as that of the input load P 0 is transmitted from the bottom 
side ( BOTTOM edge ) 2a 2 of the material agent 2a which 
receives the input load P 0 ( not illustrated in Fig. 6 ), 
the rigid physical body 5 is formed with the boundary agent 
3b in the square shape according to the embodiment similar 
to the material agent 2. Further, in correspondence with 
load P 6 transmitted from above ( TOP edge ) of the boundary- 
agent 3b, load P 6 ' having an amount the same as that of the 
load P 6 is returned from the boundary agent 3b to the 
material agent 2a. This is because the position of forming 
the boundary agent 3b is disposed in the rigid physical 
body 5 and strain is not produced by the load received from 
the material agent 2a. Further, similar to the above - 
described, when the load transmitted to the material agent 
2a 2 is equal to or smaller than the predetermined threshold 
value T , the boundary agent 3b is not formed and the load 
is transmitted. 

In this way, according to the material agent 2 
successively formed in the direction the same as the 
direction of exerting the input load P 0 or the direction 
orthogonal to that of the input load P 0 , load transmitted 
from the material agent 2 declines based on the 
predetermined conduction factor. For example, assuming an 
elastic physical body such as rubber, when predetermined 
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input load is exerted to a portion of a top face of the 
rubber ( elastic physical body ) , a position thereof 
exerted with the input load is significantly recessed ( 
warped ) , the more remote the distance from the input load 
position, the smaller the recess ( warp ), when the rubber 
( elastic physical body ) formed with material agent is 
mounted on a rigid physical body ( boundary agent 3 ) such 
as, for example, a concrete base, load transmitted from the 
rubber ( elastic physical body ) is exerted to the concrete 
base ( rigid physical body ) and the load amount is 
returned to the rubber ( elastic physical body ) and strain 
is not produced at all in the concrete face ( rigid 
physical body ) . 

Next, with regard to a method of displaying 
movements of the respective agents of the above -described 
two-dimensional object physical body, an explanation will 
be given of a behavior of actually calculating by a 
computer and displaying on a screen, movement of the two- 
dimensional object physical body. 

Incidentally, a computer used in the embodiment is 
a personal computer having a memory of 128 Mbyte and 
mounted with CPU of Celeron 400MHz made by Intel Co. and as 
software, JAVA language ( Ver.1.1.7 ) with Swing 1.1 made 
by SunMicrosystems Co. and VisualCafe Ver 3.0c made by 
Symantec Co. are used. 

Fig. 7 is an explanatory view of a behavior of 
subjecting a two-dimensional object physical body to agent 
formation and displaying load propagation displacement of 
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computer and displaying on a screen, movement of the two- 
dimensional object physical body. 
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mounted with CPU of Celeron 400MHz made by Intel Co. and as 
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by SunMicro systems Co. and VisualCafe Ver 3.0c made by 
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Fig. 7 is an explanatory view of a behavior of 
subjecting a two-dimensional object physical body to agent 
formation and displaying load propagation displacement of 
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the physical body by utilizing the computer. 

In this case, with regard to a method of displaying 
load propagation displacement of a physical body according 
to the invention, a program of a display method may 
previously be recorded to a computer readable record medium 
and the program may be read from the record medium. 

First, as information of a virtual object physical 
body, there are given to the computer, a flat plate 
constituted by sizes of a width of 200mm, a height of 200mm 
and a thickness of 2mm, as conditions of material agents. 
Young's modulus of 206 Gpa, Poissons' ratio 0.3, input load 
from upper direction of 2N, as conduction factor of 
material agents, there are previously given a, = 0.5, a 2 = 
0.25, a 3 = 0.25 and /? =0.5 further, there is given the 
threshold value r = 10E-3. 

When the above -described conditions of the object 
physical body ( material agents ) are inputted to the 
computer and the input load ( for example, the above- 
described load of 2N ) is given to an arbitrary position of 
the object physical body from above in a lower direction, 
the material agent 2 is formed when the transmitted load is 
larger than the threshold value T and deformation and load 
transmission of the material agent 2 are carried out. 

When the calculation of deformation and transmitted 
load has been finished until the transmitted load becomes 
smaller than the predetermined threshold value 6 for all of 
formed agents, the result is displayed to, for example, a 
display apparatus , a printer or the like connected to the 
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computer and motion of the two-dimensional object physical 
body is displayed. 

Further, although the conditions of the object 
physical body ( material agents ) may be inputted for each 
object physical body, conditions of a plurality of object 
physical bodies may previously be inputted, formed into a 
data base and stored. 

Fig. 8 is a graph representing ratios of stress 
values in x- direction and y- direction by a method of 
displaying motion of the physical body ( plane ) according 
to the present invention ( the agents ), to stress values 
in x- direction and y-direction by conventional FEM 
analysis, further. Fig. 9 is a graph of stress comparison 
for respectively comparing stresses in x- direction and y- 
direction between the above -de scribed agent and FEM and in 
either of the graphs, tendencies are substantially 
coincident, particularly, with regard to x-direction of the 
stress comparison graph ( refer to Fig. 9 ), the tendencies 
are substantially coincident. 

Fig. 10 illustrates explanatory views displaying the 
result of deforming the object physical body. Fig. 10 ( a ) 
shows a result calculated by conventional FEM when input 
load is given to the object physical body and Fig. 10 ( b ) 
represents deformations ( strains ) of respective agents 
when the input load is given to the object physical body 
and outline tendencies are indicated in substantially the 
same mode . 

In this case, according to the display method of 
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the present application, with regard to portions at which 
external force is not operated to the object physical body, 
agent formation and load transmission are not carried out 
and initial states are displayed as they are. 

Further, Fig. 11 is a graph comparing displacements 
of the method of displaying the motion of the physical body 
( plane ) according to the present invention ( the agents ) 
and conventional FEM analysis and also according to the 
graph, tendencies of both remain the same. 

In this way, when represented by a matrix having a 
size the same as that of conventional FEM, although there 
is a roughness, the calculation is simple and fast and 
therefore, by subjecting the object physical body to small 
agent formation and adjusting the conduction factor, 
substantially similar to display by FEM, the tendency of 
the displacement of the physical body can sufficiently be 
displayed . 

Further, when with regard to the above -described 
agents, the input load is repeatedly displayed by, for 
example, 0.1 N increment up to 2 N, movement of a procedure 
of deforming the object physical body can be displayed. 

Although until here, an explanation has been given 
two-dimensionally of the material agent 2 and the boundary 
agent 3, next, as a second embodiment, an explanation will 
be given three-dimensionally of the material agent 2 and 
the boundary agent 3 as a method of displaying motion of 
the physical body according to the present invention. 

Fig. 2, mentioned above, is a load propagation 
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operation view of a three-dimensional object physical body 
( agent ) according to the embodiment and notation 12 
assumes a material agent and notation 13 assumes a boundary 
agent . 

For example, when the input load P 0 is exerted to a 
predetermined position of the material agent 12, according 
to the embodiment, for example, a material agent 12a of a 
cube is formed, when the material agent 12a is formed, 
based on the predetermined transmission coefficient a,, 
the load P x in the direction the same as that of the input 
load P 0 is transmitted, successively, at a bottom face of 
the material agent 12a in the direction the same as at of 
the input load P lf successively, at a bottom face of the 
material agent 12a disposed in a direction the same as that 
of the input load P l# based on the predetermined 
transmission coefficient a z , the load P 2 in the direction 
the same as that of the input load P D is transmitted, there 
is formed a material agent 12b having a shape the same as 
that of the material agent 12a, an upper face of which is 
brought into contact with an area in the propagation 
direction ( bottom face of material agent 12a ) and 
material agents 12 are successively formed and load is 
transmitted in the direction the same as that of the input 
load P 0 until the load becomes equal to or smaller than the 
predetermined threshold value T or a material agent 12h is 
reached . 

Further, when the material agent 12a is formed, in 
a direction the same as the direction of exerting the input 
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load P 0 , that is, at four side faces of the material agent 
12a, friction forces are exerted, similar to the above - 
described first embodiment, based on the predetermined 
transmission coefficient a 3 . the load P 3 in the direction 
the same as that of the input load P 0 is transmitted and 
there are respectively formed material agents 12c, 12d, 12e 
and 12f having a shape the same as that of the material 
agent 12a. 

That is, in Fig. 2, at a front side face on the 
right side of the material agent 12a, the material agent 
12c is formed, at a front side face on the left side of the 
material agent 12a, the material agent 12d is formed, at a 
rear side face on the LEFT edge side, the material agent 
12e is formed and at a rear side face on the right side, 
the material agent 12f is formed, respectively. 

Further, similar to the above -de scribed formation 
of agents and load transmission, the material agent 12a is 
pressed to crush by receiving the force component P x of the 
input load P 0 and is spread in the horizontal direction by 
the amount of strain and load P 4 ( P 4 = ( 1 - j8 ) - v • £ y • 
A • E ( A: sectional area of a side face of the material 
agent 2a, E: Young's ratio of material ) ) is transmitted 
in directions vertical to the respective side faces ( four 
directions according to embodiment ) ( directions 
orthogonal to the input load P 0 ) . 

Further, when loads P n are transmitted to the 
respective material agents 12c, 12d, 12e» 12f..., material 
agents 12 are formed and load is transmitted until load 
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becomes the predetermined threshold value v or material 
agents 12g are reached, successively, similarly, material 
agents ( not illustrated in Fig. 2 ) are formed in contact 
with side faces of the material agent 12b and load is 
transmitted. 

Further, similar to the above-described, when a 
side face of the material agent 12g is a boundary which is 
not subjected to displacement constraint ( for example, in 
air ) , the boundary agent 13a is formed and load P 5 exerted 
from one side face thereof to be returned to the material 
agent 12g, is exerted to the boundary agent 13a as load P 5 ' 
as it is . 

Further, when load P 6 in the direction the same as 
that of the input load P 0 is transmitted from a bottom face 
of the material agent 12h propagation load by receiving the 
force component P x of the input load P 0 , there is formed a 
boundary agent 13b of a cube at a boundary subjected to 
displacement constraint ( for example, rigid physical body 
) and with regard to the load P 6 transmitted from the upper 
face of the boundary agent 13b, load P 6 • having an amount 
the same as that of the load P 6 is returned from the 
boundary agent 13b to the material agent 12h. 

In this way, also with regard to the 
three-dimensional physical body, similar to the above- 
described two-dimensional structure object physical body, 
the respective agents are formed and load is transmitted 
and behavior of displacement can easily be calculated. 

Further, although according to the above -de scribed 
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embodiments, an explanation has been given such that the 
shape of the respective agent is a square or a cube, the 
shape may be a regular polygon or a regular polyhedron ( 
for example, regular hexagon, regular hexahedron ) and the 
shape is not particularly limited so far as agents having 
the same shape are formed contiguously with no gap 
therebetween . 

Further, although according to the above -described 
embodiments, an explanation has been given such that a 
boundary agent which does not undergo displacement 
constraint is air, the boundary agent may be water ( liquid 
) , vacuum or gasses of specified kinds and composition of 
the boundary agent is not particularly limited. 

Further, although according to the above-described 
embodiments, an explanation has been given such that a 
boundary agent which undergoes displacement constraint is a 
rigid physical body, other than the rigid physical body, 
the boundary agent may be other physical body having a 
transmission coefficient and in that case, operation ( 
having different transmission coefficient ) may be carried 
out by a method similar to that of the above -de scribed 
material agent. 
INDUSTRIAL APPLICABILITY 

According to the method of displaying load 
propagation displacement of a physical body of the present 
invention, with regard to load to an object physical body, 
a first one of agents is formed, load is transmitted while 
forming agents successively from the agent based on 
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predetermined conduction factor and accordingly, the method 
is easily applicable to displacement analysis of a physical 
body in the field of physics, particularly, strength of 
materials, further, in the field of computer graphics, the 
method can be integrated to an application program such as 
game or the like and formation of computer graphics 
animation can simply be realized when a displayed deformed 
state of a physical body is displayed. Thereby, there is 
no need of learning and utilizing the finite element method 
requiring specialized knowledge, further, the program is 
simplified and therefore, there is achieved an advantage of 
capable of achieving to shorten an operation time period ( 
time period required for displaying displacement of 
physical body ) of a computer executing thereof. 

Further, according to the method of displaying load 
propagation displacement of a physical body of the 
invention, with regard to portions which do not receive 
load ( equal to or lower than predetermined threshold value 
) there is no need of carrying out formation of agents and 
transmission of load and accordingly, whereas 
conventionally, in displaying partial displacement of a 
physical body, a state of a total is to operate, there is 
no need of carrying out operation with regard to portions 
having no displacement and therefore, there are achieved 
extremely excellent characteristic and effect of capable of 
significantly shortening the operation time period of a 
computer which is required for displaying the total. 

In this way, specialized knowledge is dispensed 
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with and processing load of a computer can be alleviated 
and accordingly, the present invention can be utilized for 
a computer game by computer graphics, background ( frame ) 
of movie or the like, the present invention is applicable 
to analyzing a stress state of a machine or a structure and 
its simulation, further, the present invention can widely 
be utilized not only in physical properties but also in 
calculation and simulation display of tendency of 
displacement in a fluid and so on. 

Further, by combining the display method for 
displaying load propagation displacement of a physical body 
according to the present invention with CG animation 
software, the display can be carried out in consideration 
of deformation of the physical body per se and accordingly, 
for example, tendency and shape of the muscle of a person 
can be displayed or when vehicle makes a turn at a curve, 
in consideration of force exerted to a tire, natural 
movement can be expressed similar to real picture ( 
photographing by a video camera or the like ) . 
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CLAIM(S) 

1. A calculation method for physical body 
deformation under load propagation which is a method of 
displaying a load propagation displacement of a physical 
body on a rigid physical body which undergoes displacement 
constraint from a surrounding in a boundary which does not 
undergo the displacement constraint from a surrounding, 
said method comprising a first material agent having a 
shape of a hexahedron or a plane virtually formed in the 
physical body at a position of a load exerted to an 
arbitrary position of the physical body, a second material 
agent having the same shape virtually formed at a 
contiguous face other than a face of the first material 
agent exerted with the load, a third, a fourth, ... an n-th 
material agent virtually formed similarly and successively 
up to a boundary between the physical body and the boundary 
which does not undergo the displacement constraint in the 
physical body and /or the rigid physical body which 
undergoes the displacement constraint and boundary agents 
having predetermined shapes virtually formed at a contact 
face between the physical body and the boundary which does 
not undergo the displacement constraint and /or the rigid 
physical body which undergoes the displacement constraint, 
wherein in the material agents, with regard to a direction 
of the load, a predetermined load in accordance with a 
material property thereof is transmitted to an upper face 
and a lower face of the physical body in the load 
direction, a predetermined load in accordance with a strain 
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characteristic of the physical body is transmitted to a 
face orthogonal to the load direction and a load which 
undergoes the predetermined displacement constraint is 
transmitted to an upper face In the load direction of other 
material agent 

contiguous to the material agent, with regard to the load, 
in the boundary agent formed in the boundary which does not 
undergo the displacement constraint, a load having a value 
the same as a value of the load from the contiguous 
material agent in the load direction is transmitted, and in 
the boundary agent formed in the rigid physical body which 
undergoes the displacement constraint, with regard to the 
load from the contiguous material agent, a load having a 
value the same as a value of the load is transmitted in a 
direction reverse to a direction of the load to thereby 
display the load propagation displacement of the physical 
body. 

2. The display method according to Claim 1, 
characterized in that the first through the n-th material 
agents are formed in a load propagation direction when the 
transmitted load is larger than a predetermined threshold 
value . 

3. A computer readable record medium recorded with 

a program for displaying a load propagation displacement of 
a physical body by a method of displaying a load 
propagation displacement of a physical body on a rigid 
physical body which undergoes displacement constraint from 
a surrounding in a boundary which does not undergo the 
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displacement constraint from a surrounding by a computer 
screen, said method comprising a first material agent 
having a shape of a hexahedron or a plane virtually formed 
in the physical body at a position of a load exerted to an 
arbitrary position of the physical body, a second material 
agent having the same shape virtually formed at a 
contiguous face other than a face of the first material 
agent exerted with the load, a third, a fourth,... an n-th 
material agent virtually formed similarly and successively 
up to a boundary between the physical body and the boundary 
which does not undergo the displacement constraint in the 
physical body and /or the rigid physical body which 
undergoes the displacement constraint and boundary agents 
having predetermined shapes virtually formed at a contact 
face between the physical body and the boundary which does 
not undergo the displacement constraint and /or the rigid 
physical body which undergoes the displacement constraint, 
wherein in the material agents, with regard to a direction 
of the load, a predetermined load in accordance with a 
material property thereof is transmitted to an upper face 
and a lower face of the physical body in the load 
direction, a predetermined load in accordance with a strain 
characteristic of the physical body is transmitted to a 
face orthogonal to the load direction and a load which 
undergoes the predetermined displacement constraint is 
transmitted to an upper face in the load direction of other 
material agent contiguous to the material agent, with 
regard to the load, in the boundary agent formed in the 
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boundary which does not undergo the displacement 
constraint, a load having a value the same as a value of 
the load from the contiguous material agent in the load 
direction is transmitted, and in the boundary agent formed 
in the rigid physical body which undergoes the displacement 
constraint, with regard to the load from the contiguous 
material agent, a load having a value the same as a value 
the load is transmitted in a direction reverse to a 
direction of the load to thereby display the load 
propagation displacement of the physical body. 

4. The computer readable record medium recorded 
with the program according to Claim 3, characterized in 
that the first through the n-th material agents are formed 
in a load propagation direction when the transmitted load 
is larger than a predetermined threshold value. 
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ABSTRACT 

According to a method of displaying a load 
propagation displacement of a physical body of the present 
invention, a first material agent 2a is formed in a shape 
of a hexahedron or a plane virtually formed in the physical 
body at a load face position given to an arbitrary position 
of the physical body 1 , a second material agent 2b is 
formed in the same shape virtually formed at a contiguous 
face of the first material agent 2a other than a face 
receiving the load and a third, a fourth... and an n-th 
material agent 2 are virtually formed in the physical body 
up to a boundary between the physical body and the 
boundary, boundary agents 3a and 3b are constituted by 
predetermined shapes virtually formed at a contact boundary 
between the physical body and the boundary which undergo 
and /or do not undergo displacement constraint from a 
surrounding, in the material agents 2, with regard to a 
load direction, a predetermined load in accordance with a 
material property thereof is transmitted to an upper face 
and a lower face of the physical body in the load 
direction, a predetermined load in accordance with a strain 
property of the physical body is transmitted to a face 
orthogonal to the load direction and a load which undergoes 
predetermined displacement constraint is transmitted to an 
upper face in the load direction of other material agent 2 
contiguous to the material agent 2 and at the boundary 
agent 3, with regard to load from the contiguous material 
agent 2, a load having the same value in the load direction 
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is transmitted to the boundary which does not undergo the 
displacement constraint and a load having a value the same 
as a value of the load is transmitted in a direction 
reverse to a direction of the load from the contiguous 
material agent at the boundary which undergoes the 
displacement constraint to thereby display the load 
propagation displacement of the physical body in contact 
with the boundary. 

According to the method of displaying the load 
propagation displacement of the physical body of the 
present invention, with regard to a load to the object 
physical body, the first one of the agents is formed and 
the load is transmitted while successively forming agents 
from the agent based on predetermined conduction factor and 
accordingly, the method is easily applicable to 
displacement analysis of a physical body in the field of 
physics, particularly strength of materials and further, in 
the field of computer graphics, the method is integrated to 
an application program of a game or the like and formation 
of computer graphics animation in displaying a deformed 
state of a displayed object can simply be realized. 
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contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 




1 acknowledge the duty to disclose information which is material 




to patentability as defined in Title 37, Code of Federal 




Regulations, Section 1 .56. 
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Japanese Language Declaration 



*HS»m35»19* (a) - (d) «Xti365* (b) Site 
±§Tf.5 i: i fete, «^«l*±!gL-r^5. #ftlI®MtcffiI! 



Prior Foreign Application(s) 

2000-3496 
(Number) 



Japan 



(Country) 

(B«) 



&ti. fft35H*Hv£»119* (e) fflicao'^TTf5^*ffliiffF 



(Application No.) 



(Filing Date) 

(ais0) 



_ fASi, TIB0*HffiA^35lll2O*{ca-^t>TTIB©*H!tfffF 

365^ (c) (ca-?<*fiJ*c;ifc:£!gLi1% lifc, 

«^ffiHOp3S* 3 *Hffi»^35SH2*^mX«#fF«**«]T' 

mm mm7m 1 ^m-c-^m s «fw k« ^ w-t s as 



PCT/JP00/04834 



(Application No.) 



July 19, 2000 



(Filing Date) 



(Filing Date) 

(SBIH) 



I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-(d) or 365(b) of any foreign application(s) for patent 
or inventor's certificate, or Section 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 



12/01/00 



(Day/Month/Year Filed) 

(ftB&RB) 



(Day/Month/Year Filed) 



Priority Claimed 

m □ 

Yes No 



□ 
Yes 



□ 
No 



I hereby claim the benefit under Title 35, United States Code, 
Section 1 19(e) of any United States provisional application(s) listed 
below. 



(Application No.) 



(Filing Date) 



I hereby claim the benefit under Title 35, United States Code, Section 
120 of any United States application®, or Section 365(c) of any PCT 
International application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first paragraph 
of Title 35, United States Code Section 112, 1 acknowledge the duty 
to disclose information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, Section 1 .56 which became 
available between the filing date of the prior application and the 
national or PCT International filing date of application. 



(Status: Patented, Pending, Abandoned) 



(Application No.) 

nut, &gfi®»iiicso%>T*fiw»^T-fc* s ff & omnv 
lit h <o , *»o&<z> a* l tzmm t t«ic%i:s^ 
< m.mi>*±xn$z-e h&tmiz-~c^&zt. 5 & esse* c 4 5 

mis la:, ^imc^a!^iitz^comnm^^ii?> zt& 
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(Status: Patented, Pending, Abandoned) 

mu ; nvtm-nim. * mmm) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 
Of 



Japanese Language Declaration 



POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith: (list name and registration number) 



Norman F. Obion, Reg. No. 24,618; Marvin J. Spivak, Reg. No. 24,913; C. Irvin McClelland, Reg. No. 21,124; Gregory J. Maier, Reg. No. 
25,599; Arthur I. Neustadt, Reg. No. 24,854; Richard D. Kelly, Reg. No. 27,757; James D Hamilton, Reg. No. 28,421 ; Eckhard H. Kuesters, 
Reg. No. 28,870; Robert T. Pous, Reg. No. 29,099; Charles L. Gholz, Reg. No. 26,395; William E. Beaumont, Reg. No. 30,996; Jean-Paul 
Lavalleye, Reg. No. 31,451; Stephen G. Baxter, Reg. No. 32,884; Richard L. Treanor, Reg. No. 36,379; Steven R Weihrouch, Reg. No. 
32,829; John T. Goolkasian, Reg. No. 26,142; Richard L. Chinn, Reg. No. 34,305; Steven E. Lipman, Reg. No. 30,01 1; Carl E. Schlier, Reg. 
No. 34,426; James J. Kulbaski, Reg. No. 34.648; Richard A. Neifeld, Reg. No. 35,299; J. Derek Mason, Reg. No. 35,270; Surinder Sachar, 
Reg. No. 34,423: Jeffrey B. Mclntyre, Reg. No. 36,867; William T. Enos, Reg. No. 33,128; Michael E. McCabe, Jr., Reg. No. 37,182; Bradley 
D. Lytle, Reg. No. 40,073; and Michael R. Casey, Reg. No. 40,294, with full powers of substitution and revocation. 



Send Correspondence to: 

OBLON, SPIVAK, McCLELLAND, MAIER & NEUSTADT, P.C. 
FOURTH FLOOR 
1 755 JEFFERSON DAVIS HIGHWAY 
ARLINGTON, VIRGINIA 22202 U.SJV. 



Direct Telephone Calls to: (name and telephone number) 
(703) 413-3000 



Full name of sole or first joint inventor 
Yasukazu NISHI 



Inventor's signature. 



v Date 

7^1 , 2^O0 j 



6-10-1202, Toyosu 5-chome, Koto-ku, Tokyo Jl 3 



mm 



Citizenship 
Japan 



135-0061 Japan 



Post Office Address 

Same as Above 



Full name of second joint inventor, if any 



Second joint Inventor's signature 



Citizenship 



Post Office Address 



(»=feU*©*ra»W#K:oi »-c h H«CIB«U S £ £ ) (Supply similar information and signature for third and subsequent 

joint inventors.) 
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